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B 2 - DAY

Tasult: of parformance mesguraments rade In level
flight with th° ENS-1 (Army Y”-hﬁ) helizopter sre pre-
sented, The agota Irzlude torguanetar reasurewents of
shaft wove» fnz both the main rotor enl the tail rotcr.
The nower data, In cenjunctisn with full-scale-tunel
datu on the 11ft and drag ot the fwuselage, are used to
calewvlate the dras=-11ft retto feor tlie maln rotor.

T followln,; resulis ware obteined for the HNE-1

el cov.;r, ng tested at n grocs welght of approximately
2560 courds znd 2guirped with the orlg*nul 1et of nain-
roter blsdes: minfrurm main-rvotor-slaft nower et ervising :
TOM, apnrox;matelv ¢g horscoower st e qoeeﬂ of 40 miles '
wer hour; rotor-shaft nover abso"bod by tell rotor at
cruising rpm, noo“oximatcly %2 to ' horsepower ovar a
ranse of 2cds from 25 to 30 milas per hour; maxirum |
ratlo ot llft to drag for the main rotor attainable within |
the available soced range, 6.7; maximunm value of welzht-
drag ratio {ratlo of weight to the drag eguivalent to
the totel rotor-shaft nower), 3.5:; scced for maximum
weJnht =drag ratio, approxlirately 67 riles per hour. The

esults 2130 indicate that mein=rotor-sheft powsr required
1s endreciably uffected by rctor rpm, a reduction in rpm
of & nercent corresponding to a reducticn of spproximately
% to | horsopowey» whan oprarating at or rear the speed for ¢
rninimwea vower.
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TUTRODUSTION

Ir order to pravide datz with whiich thecory anc
wind-tuinnzl measurements on powered rotating-airfolil
systoms may be checkad, flight tests are boing con-
ducteld ot Tengley Laon“ntor" vithi a Sikorsiy HV3-1
(Arav ¥YR-h3) heliconter, Thess tests inuclude nerform-
ance measurements in leval {1light, hovering, aad glides
and cliiwbs, and cswera observations of blade motion in
selected cordttions. This recrort presents the =ssults of
the 1leovel-flizat performance msasurawentsa theot were made
with the J“i;'nJl zet of waln-roior hludes.

SYIIROTS
calxﬁr"tau csircpesd findlezted airsoced corrzcted for

struarent and 1uﬂtvllﬂt‘3n crrorv- 2n be con-

sidered cquil ¢t (Im) in the nrasent case)
true
mass

mase dansit ot sea level unuer standar
slug wer tontd)

avarage main rotor-blede plteh, uncorrected for plag
in linkage and for maun blade twist

q ~ V nsne o
tin=spzad rutio (———2——--)
OR

spindle angle of wn equivalesnt rotor with no weriodic
veriation of the rotor-blade pitch angle, mcasurcd
in the plane of symvetry =ud referenced to & line
nernondicular to the [flight path; positive aft
\3
r<dr

be ) y
olidity —= where ce & cqulvalent chord = <

1834 R .

/ r'-)-(.‘-.r
o

0,060 for tne present case
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number 2f blades

~lcne of 111t raeffl,lcnt againzt section angle
o7 ettack (radian measurc), aLsured equal to
5.7% in this repav‘

["otor-st th 10\ ar inputb

K 7 ™RY

newair coelilelant

shaft-power rarameter. The symbol P 13 «gual
to tre rotor-sliaft power Aivided by the
voleclity aslong the i]ia“t path. Tt 1s,
thera2fore, alro 2uyual 425 the drar torece that
oomld e cvsrc“?e Ly the sha{t powver at ttre
flisht veloclitly

tre'c (angls Letween rsleotive

£. 1irs in the plans of symmstr»y and

llzcular teo tlhe muin rotor-shuflt axls;
=h3n no32 up)

raselage anrlic of attazl to allow
jo‘n"aeh

corrcetad fuselnge tngle of

lift
wnaeor

cormiotlon to r»ntor 1ift ~gefficient for fuselag
dornlnad

[}

1otor 1ift cosfliclant (3 + acﬁ
uncor )

trhrast ¢n :.'f'j"in‘fnnt /GOI'T‘Bct(-‘d YOtOl’ 111\%\
£ wrt ),

paras 1
shurka, divided by corrcetsd meln- roto" 1ift

itz dreg of Iu"u1~ge, rotor hzad, and blade
4

£6
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narastte~dras contiribtution ol tsell rotor divided
by ecorrected main-rotcr 1lift

drrg=11ft ratio of main rotor after enplying
ccrrcetions for fusslege download and for
fuselage ard auxiliary rotor parsslite drag

fuselsgc 11ft coafficient (fuselamg 11 £

142 o
2FV R

livvaelare >
fuselage drag co:fficlent fuseluge drag
1l .2 ;
[a' wEa
rotor-hlade reacius
radius of blade slcmeat
correczted rotor 1ift

rotor aingular valosity, radimrns ner second
ARATUS

Description of alrcralt.- G;n.ral views ol the
mis~-1 helicopter (AAF cerial in. 113-28229) ars shown in
figureﬁl 2, and 3, Th: plan form of the main- and tail-
rotor blades 1s shtown ina fiﬂurv L. Dimensions and other
detalls for the elrcreft as flown are as follows:

Gzncrel cherscterlistics:
3ross weight us flovn (%2 psrcent), 1b . . . 2560
Diak looding, 1lb/sq ft . . . . . . . 2.26
Power loading as flewn (normal ratod po"cr),
lb/bhp.......... O | 1OY
Parasite drag sr2a D/q, typical ;1ight
condition, sg ft . . . « « . . . 23
Power rating for take-olf . . . 120 bhv at 2270 rOm
Power rating, normal . « « &+ o 0 bhp at 2100 rpm
gear ratio, cngine to wain rotor e . . 9.34:1
Gear ratio, englne to tall rotor o o o s o s« 30:17
rJel capaclty, gals . . . . . e o s « « o o 30
Center-of-gravity position, below plann
of flapping hinges, feet « + ¢ « o+ ¢ « o « « o L5
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ain-rotor sherasteriatics
I‘.": 11\15', f“: s o o 8 o o » e o s s o @

. . . L] [ (] [} 19
}'1'-1r‘-\— t ri J.E . . . . . . s . L] . . . . . . . . . 1:!'0!16

E-Cliﬂi 1.:{, :—cﬁ - ° . . . . . ° ] . . . . . . . . 0'060
R

Klade sren (totsl, three blsdas), sq ft . . . . 65.5
Y‘l-‘ld.e gfin tlon e 8 © 8 8 s s e 8 ® s 8 e ® :!Acl't 301;"
"san pibtzh range, A2 + ¢ 0 v s e e . os . . 2.5 B0 1L
fyelic niteh rangs, cbtained Trom:

TJOJ.“&.‘ L\lﬁ n'l‘L &t'l""' Ot" (.'r‘, ’16{: « ¢ e s e s e e » 16

Tateral sticl” mot'on, deg .« « e e s s s 15
Direction of rotsation: *ounterclockwl 8¢ us viewed frmn
ahova

¥oment of_ inertia or blode about flipnlng axls,
51115 f“c- ] ] . ] ] . [ . . [] [ . . [ ] ] .
Blade walght (one wlads), 10 « &« + ¢ o o & &
21lacde enuter of cravitr, from g of rctor chal
It

Lrag hinme lacction, fram £ ﬂf rotor shaft, in.,. 2.0
¥laoplny; Lings $ Toeation, from 3 of “ofor
16'.{‘1. in. . L] L] L[] L] . L] L] L] L] L] . L] . . L[] . [ ] L] O

Tail-rotor charantasieline:
Redivs, 't . . .
Jlzde ticet . .
. e ’nct.,
‘}31.:‘. ‘ Y, “——— . » . . . . ] . (] . « e . . . LI} 0 lo

R
2lade arca (tatal, three blades), sq ft . . L.92
. . . r‘lAu 159 OO 12

2Uo s IRNCTST e o o .o N AT
Yeon piteh TOnEe, ACE - v e s e 6 s s e e o e=i to 16
Shaft axis csetting
LorL.ont 1 v\r-o,y-f*tflrm: rotor-sheft axle inelinoed
2.1° vaskward from persrandisular to axis of
smrmetry of Tuaelage
Verticral vrrojsction: rotor-shaft zxls perncrndiculor
tna rmuln-rotor-chaflt axlisa,
NDretence from hub centar to maine-rotsr shaft, It 25.2

I I8 [

. . . . . . . L] . . . L] . L] . . }Tone

Tnstroramiction cad maethods

04 Quecntitles measured
during the forward-rligat tesis

lnuluded the following

tlrsneed Yain-rotor »nitch

Eotior  »or Tail-rotor pitch

Engine manlfosld pressure  Attltude rngle (ehaft
Haln=rotor-shalt torque tnclination)
Tall=rotor-shaft torgue Towazh and yaw flow anglss
iren-zir tewncrature aread ol tho rotor dilsk
Tntike-air tempesrature Cyzlic vltch control position

Frec-air statlc pressure
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The free-ulr terveraturs end the englns intake-alr
tempiersture were nbtelned from indicetlng instruments;
all ctnar gquntitlen vere obhtnired from NACA recording
instrumsnts.,

The uiraneed wus determined hy means of a Adouble-
swiveling ritot-stotic installction (fig. §) having its
siatiec holea locatecd 2t a point 252 inches ahead oi the
matu-rotor shaft and 5l tnches telnw the plene of the
flavplng kinges., The installation wes zallbrated by
meong 27 a trailinac-nitot-static bomb susnended anvroxl-
mately 100 feat bHelow the rotor. Tha zalibration Aata
are shawn 1n figarc €.

T2 engine mantiold pressure, ints%e-alr tempera-
ture, mad rpm vuluzs ware used to z2alculate enginc braoke

Qoesepover by usz o tha calibretiorn curve given in
Tecehniza) Order AW 01-10 DA-1.

The main- and tuil-rotor-shsft torquess werc obtained
by means of straln--age torquometers. Trne straln-
sengitive elzmonts [or the main rotor were mounted on
tho ariveshalt bslrcen the gear box and the pylon tiirust
baaring., Thorce for the tail rotor wers mounted on that
nortion of the driveshalt betwsen the tall-rotor goar
box and the rearrost shuft bearing.

The torguemeter shalt assentlies, including the
straln-s=usitive clcwents and slinricgs, were designed
by Ruldwin-Soulhwark Divicion of the Buldwin Locomotive
wyrkvs ander contract with ths Jlrmy Alr Forces. An
NACA r2cording galvanometer was used to mesasure ths gage
outvut., Voltage ~ontrol und 2lso a »eriodic check
trhioughout easzh run on the zz2ro reading and sensitivity
of the ralvaansreter clrzult were oLtainad with additlonal
ejuiprzat developad especially fer the surpose.

The veluas of wain-rotor pitch setting and control-stick
(cvelic olteh) positicn were obtained from control-
positicn recarders attached *to the push-pull tubes extending
from Inside the fuselage to the rotor heand., The =sticlk
position 1o reierrcsd to ihe porition for zero cyclic
pllich variation. 7"he avallable stick trovel frow this
noslition ss mensured et the top of the stick 1s 6.0 inchss
forward, 7.1 inches oft, L.1 fuckes right, and 7.6 inches
1=ft. The emmlituic of ithe cyclle olteh varleatien, in
d2grces Iroew btlie moan alteli value, may be estimated by
rultiplying the stick dianlasement in inzhes by 1.25.




The phasc enple of the cyclic pitch action, in degrecs
Peon tlie rzarnost position of the blede, ray be estimated
for the vower-on condition Yy assuring thet the maximun
ﬂf’eot of the lonaitudlinal stick decflsation occurs st

559 gad ot 245° azinuth and that the maximum effect of
the lateral stisk cdisplucement occurs at 155 and 335°
azirath. Thece cstimates muct be viewsd ss approximate,
however, begaouce of linkegs play, pesriodic blude twist,
and the ciange tn tkhe nhese of the coatrol action with
chonses In rotor torgue or rmu.

The valucs for the tall-rotor pltsh were obteined
from a control-nosition recorder sttacliec to the tail-
rotor control z=ulles. 1his ivstallatiorn was calibrated
with a4 small pitch decressing wroment -wplizd to th
bl-des, to lnsure that tre )] ay in t.u systam (rounhlv +1°
from the weesn nosition] wonld da tukan up In & dirsction
cwrresrovﬂing to tlrut ’Lt.,i“Jt"d Ior the flight eccndi-
tions covarad.

The attitule sngle (matn-rolor-shaft inclination

frem the vertizal,vostitlve rewrward) was determined by
memns of a nendulur inclinonmeter.

™:e yaw gnd ths upviash [low angles were obtained by
mgans ¢f a calibrats d vaw head mounted on the end of the
airsnced boorm (fig. ). Thesc tubes were locatzd 250 inches
ohead of the rotor shaft and 5 inzhes bLelow the plane
of the flaprinz hinzcs. The aniles given are referred
to 2 itne in the plans of agymmetry and perocndlicular to
ths rotor shaft. 4 nosilive yaw tngle corresponds to
right yaw or loft sideslin.

FEDUCTTON 07 DAT4

The mathod of caleulaticn ot the mejority »f the
cecefficlants presented will be anperent by definition.
The nothods of obtaining tip-apasd ratie u and rotor
Arcg=-1lift ratlo D/L, however, require some exvlanation,

Mip=-speed ratio p.- Lvaluution of the cos a term
in the saccepted Gefinition cf the tip-speed ratlo
=Veose
Ck
spiandle anzle for o rotor with no periodic variation of
trhe roter-hlade nitch 2ngle. Thle egulivalent angle was

rzquires the determination of un equivalent
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determined by 24ding the amnlitude of the longitudinal
sceponert of the rotor-blsde cyelic piteh varlation
(veriodic »Hlede »itch cngle change apsut trunsvars

axis o1 gnip) estimsted frow the sticit-position dats to
Lthe meszvred shafi ansle.,

Rotor dres-11Tt ratio L/L.- Th2 evaluation of rotor

rag- T'?t ratlo requirn" 7 somarhat avbitrary divisiou of
tL drsg losses into tuselage pa“n\ltn cdrag rd rotor
nrefile-~irag locses. In uhi report lhe dr+5 ol tkhe hub
strarture anc the cyl*ndrlnul vlade shenks has deen charved
to fmselene perarits loss. Thic divislon isc convenlent
because the drac of these items vhrifs with forward soeed
rather thin with rotatlional s»eed, It clso gives a rore
corrcet fadery of ths verformanczce to Uz cxpzztad I'ror later
rotor dezi nc, insasmuch az ths relitive drag of the hub
ctructura on the ENS-1 1s ouviously mueh sreater than that
on any oi the -ore regcent Zdeslgns.

T cdete rwin¢ﬂ5 the dreg=1iit ratios of the wain rotor
from measured valuzs of sahwsft »over and knowvn valves of
gross wnivint, nlleowauces have becn made for the following
factors:

(1) N regqulrcd to ovsrconme the naruslte drag of
fuselege, rotor hiead, ond dlude csheanks,

(2) Fower reguired to covercore the drvag force on the
tall rotor. (This power ig totally indenendent
of the power troongvitted throurn th: tail rotor
chaft.)

(3) Poter Lift, in excess of the zros< weisht,
rejquired becauze of the dovnward alr lcad on
the fuselare.

The individusl volues for ¢1l of these allovances

have been iuncluded in tanls 11 in cordler that their magni-
tude may be nated.

Ttens (1) anc (3) were determinad ty use of unvublished
full-=seale~-tuanel data on the 1ift anc drag of the ?uselage
of & YB-4B hcl‘coptcr (AAF Se: To. 43-28225). Thes
cdata were obtained .1ih the ed boom shicws in 11[—
ure H mounted on t‘ﬂe"‘--—’1 1US»1agc, in order to mek%e the
data Cirzelly awnlx""l to the f£iizht tz2ots. The uecas-
ured drag coefficicntls were increased by 0.0003,, or
about 2 perecent, vS an elloweace for thn Areg of tha




MR Ne. LSC10

cylindrical blads chenk:s; this incremsat was estimated
fron Cata on yawad eylinders. The {uvselege drag and
1L curves used '‘n thz anslyris are snown in filgare 7.
Tas wind=tunnel valuss were obtelned over a range of
angles of atteck bul tue fuselege was, of course, not
baing subjested to ths downwast from the retor. Az an
apnroxinate allowance far this dommvash, thz fusslcge
aacla of sttaclk for trhe flight conditiouu wan tokeu as
equal to the wessured angle minus 57.3 (Cp/!) which
torm ro pvgseu+o tne epproximate induced flow angle

at the retor

No direectly aprlircable date were avellable for
evaluation of ltem (2). As a retional aunro:imxtion,
thcorztical calculations sirilar in rcriaciple to those
2f the eynraln of refercncs 1 vers ”Ld. The wnrozsss
concisted in flnding an airfoll-sccticn profile-irag
value whilch recults 1in a calculated value of shaft
nower oqusl to trz mezasured valice, The ssme profile-
dreg value was thon usad to culculsate the power roquired
tn pull tha tall rotor. Tho naximum value so obtairned
was 3.)L Foracpover: th:s valng coriesponsts to maximum
snheed. Tn terms of equivalent drag arss, the peracite
drag allcwance for the tall rotor wes nezarly constant,
Varyiuﬁ only trom 0.8 o 1.0 rsquars foot cver the entire
ratnge oi combinations o rpr cnd speed. The mean blade-
saction dvoo cesfliclent required to make the calculated
tail-rotor=-shicft vower equal the measured shuft nowver
variad from 0.010 +o 0.015.

Tt will b2 nolted thnet the main-rotor thrurst coef-
firnicntre oreﬂcnte“ ore besed on tha sasumetion that
votor tlhirust equals rotor 1itt. 7This assurntion ls
Jugtificd Dy the [act thet reiinsment of th2 thrust
valrs hy inslusion of the dray comvensnt would rasult in
a maximw dit'ference of about 1 onercent.

The test data corrcctad for Instrurment errors are
presented in Lable T. The values of the maln-rotor
drng-liPt ratin and other parematers derlved I'rom thlose
dats ar fven in toble 11,
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™e power-raoulrzd data for the maln rotor oblrinsed

fron. tlie torquemeter uve plotted areinst true airgpesd

in figure %. P2cause *he dcvistions in weight and density
ratio were srmall, no sorrectiions have heen applisd for
veriacions of tisse factors from thelr mean veclues In
preparing the horsepownr-v=l_- tv plot. A check of tuas
errcor involved iadicsted taat tie raxluum zorrestion which
wovld e 220lied to an individual value for lLorzepower,
in converting to average zonditions, would bc less than

2 percert. In calculatiing dinensionless quantltlies
howaver, 1ndivtdua1 values of weight end density were
mployed for each test point. The dsta of figure C have
been replotted in coelficlent form in ilgure 9. The
main-rotor crag-1l1ft rntlos, cbtainzd from the cower

Aata as alrendy cescrited, are siiewn in figure 10.

The duta tn figures 3, 7, aud 19 have Leen srcupcd
accoviing to the values of thz nondimeusionul thrust coef-
fieisnt O, From an opersational stundpolnt, the tarust
coefrficiant 1a rozt recdily changed by varying the rom
of the cii’ine and rhence of 1ns votor, end for this reason
a value of cngin~ rom corresronding to euzh valae of €
1s ziven, For this ournose ths zverapre of the aztual

fal

Cqe valuas within each group has bzen vsed. The con-

version fror to rpm 32 bascd on everage values ol
Py

weicht and density andg an averaye download allowancs:

as al‘.1¢\ nentioned, however, the variations in wveight
end censity ura not 101&, enough to be sisnificant in this
conaection, and examinctlon of table 11 will show that

tre covnloed variation is likewise smoll.

low approxinataly
i u1+ which the
ndy conditions at
2 per hour and nsar-

Yo data were tal'en ut s=pen
20 m1ilss ocr hnur because of th
pllot exoerienced in maintr
spaads hetueen upproximately
rovering spezda.

ds Dbz
e f

b
i
+
1

s}
ning ste
50 mile

DIZCTSETON

valn-rotor rowcr.- Interpolation of the data »Hre-
gseanted in figure O incdicates a nidnimur value of main-
rotoi=chal't nrsepower or uﬂoroxiwatnly 99 ho“scpona“
for crui=ing rpr (2100 engire rpm, 225 votor rpm) . 3]
specd of apovaxlratnlv hO miles per bour. L ruduﬂt*on
of nowizr requlred of egbout % to ' horsevower for svery
5=-narcent reducztion in rotor rmm is slso incdlcuted over
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mnst of tha =sp2e:l ranse, laslvding ths spead for minimum
newer. This reduction irn oower wmequired at u glven sneed
w2y Do etteibuted te tle combinad bencflits ol opereting
et higher pitch angles end higner tin-cpesad retios while
retaining £fxed values of parasite and induced losses,
Mis sane trend tovard lowar power with lower rpm may be
showin vith the datses in nond!nensional ferm by vlottiag
P/I. ngeiast 31, since the parasite ard Incduced losses
are fired br the 11Tt coefficlent., The form of the
resuliing curvas ic oelieved to be mdre suitable for
study, however, 1f the veloeity purareter 1A/ 1is
used; suzih & plot 1s shkown in figurs 11. The ratis ATy

12 enproximetely squal to the ritlo of the actual veloelty
of flight to that for a 11t coefficlent of vnity; the
reletion would be exact Lf C wers basad on wsight
Insteed of the2 rotor 1ift, vh%ch inzludes a varyiug
rerzentate allovansze fer Zusalare doruload.

Eraninetion of fizuve 9 indicates that mintnum ©/L
and hence mexlqayw range w11l De obtalned at a t!p-speed
ratio of opprrexinmataly D.2¢, whieh 2orrasnonds to 2 cpead
of 67 miler por Wour et crulsiag roz.  The mlainum value
of P/L  at zruising rpm,0.265, sorresnoncs tn an
equivalent lift-dragz rstio of %.S. 71 the 11ft sllowenco
mane for *the fuselsse dovnloadl is rerovad and an allowance
made {cr the opcwer cbsarbed thirouw: the tall-rotor shaft,
an eguivalent vwelght-drag ratio of 2.5 1is obtainrned for
the airc»aft. The veluss of minirun B/L  for the
various thrust coefflcients (see falred crrves of Ilig. 11)
shovw relatlvaly 1little effect of rotatlonel sreed; in
particalar, the redvction in P/L obtained by using
rotztionsl speeds below that lor cruising 1s smell. The
ratios just given for the cruirinz condition, therafore,
are consicered to be reascnably ranresantative of the
narfornance of the airsraft 23 tested.

Th2 miatwum valus of main retor D/L (fig. 10)
13 0.15, corresponding to an T,/D of 6.7. This value
wae chbtaired from Aats tiken with wide-open throttle.
Inspection of the data of fizure 10 indicates that
sonreclably highsr rotor L/D valves wmight be exnected
1f hicher tiv-speed r:itios ~ouvlé be reached. The
sxtenslion of the tip-sneed ratio values by uce of lower rota-
tional gpneed, howover, was cerricdé Lo the loweswu
rotational speed 2t which th» pilol couléd control the
alrersft. Cnlzulations Indisate that tip stalling
should set in at approximately this sane combhlnation of
thrust coeflicieat ernd tip-speed retin vulues: consequently,
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further increase in tip-soced ratio and L/ would huve
to b2 chbt.dred by an incr2ase 1n forward sneed rather than
by reduetion of reotaticnal epead.

Tail=-rotor-shafl power.- Inspsction ~1 th2 values of
the tafl-rotor vower givan ir tsbls T will iadlcate that
ior speeds between 25 snd £0 :wiles necr hour the tail
rotor absorbs Irom 3 to L shaft horsspower at normsl rpm.
Thesce deta sre cshown plotted acainst veloe!ty, with the
dato pointe grouped ucecordinz to maln-rotor thrust coef-
fieclent, in firure 12. Sore a3rfuct of sperd is evident,
the tendsrey being a decrense in sheft power with increasze
In sneed, Thers ars rlso iniiecations of un efinct of
tail-roto:r rpm on shaft vower; tbhls ¢ffeozt 1s most cen-
sistently eviderced 'n tho top-stsed data (70 to &0 miles
par hour, flizht 9), which cdata indlecte n reduction from
gbout 3.5 horsepowmar to nbout 2 horscpower as the engine
rpm e reduced from 2250 teo 1040,

A2lyeis indiczates thet the sheaft oower absorbed by
the tail voteor will very vith the yaw angle of the
holicopter, To cvaluats this ¢ffest 2 sortinuous record
was telon gt 7O mlieeg per hour with the ysw anzle slowly
inecresszed and decrensed *hirouzh a renge of 159, 4
change 21 onc horsercwar in the tall-rolor-shaflt power
for cvery 3.5 yaw waz indicated, the lover shaft nowver
crrresoonding to right yaw or left sideslio. Insncction
of the vaw gnzle valuses glvza in table T In the light of
tiaie relution indicates that the raximum error in tuil-
rotor-ghuft »owrer, recultin: Irow vew ol the alrcralt, is
aoprorimatzly C.5 horssrover,

The povier abszorbed by the drag of the tull rotor has
already veen Aicscussed In ths section entitled Leluectlon
of Data.

CONZLUSTIONS

The level=f1li ht nerformence data obtaulned on the
HNA=1 heliconter, uas tested ut 2 gross veight of aprroxi-

mately 2560 nounde eud equiped with the orl . lnal set of
nsin-rotor blades, indicates the following conclusions.

1. The mintrum shaft power rcqulr:d by the main rotor
at cruisiag rpm (225 rolor rom, 2100 engine +oi) was
aporoximately 7 horsejrower st a spesd of 40 milss cer
hour.
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2. ™e shaft nover absorbed by the tail rotor at
craliaine rom wos aonroximztaly 2 tno li horsepnwer sver
range of sueads from 25 to 50 niles per hLour.

2. A raduction of 5 perzent lu rotor roa resulis in
a reduciion of enproximately 3 to L horsepowsr in the
value of mein-rotor-chalt power, at or ncar tlie snced for
rinimuan power.

I, The =waxlimun 1lift-dras ratio {or the main rotor
wag cpnroximately 6.7. A hizher L/D could prohably
be obtained if higher sneeds could be rerchad.

5. A maximun vslus of woiiht-dreag ratio (ratio of
weight to tie dras equivalent of the total roter-sheoft
aower) of 3.5 was obtoined at 8 =nced of sporoximately
57 milez ver hour.

Langley Memorisl fcronautical Laborstory
National Advicory Commiitee (or Acronautics
Tangley Field, Va,
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Figure 5.- Airspeed boom and details of pitot-static and flow-angle
pressure-tube installations.
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Puselage drag and 1ift curves as used in reduction of data;
MiS-1 helicopter.

Pigure 7.-
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Klight Tests of the Sikorsky HNS-1 (Army YR-4B) Helicopter - I - Experimental
Data on Level-Flight Performance with Original Rusor Blades
Gustafson, F. B.
Langley Memorial Aeronautical Lab., Langley Field, Va.
National Advisory Committee for Aeronautics, Washington, D. C.

March '45 Unclass. U.s. Eng. M4 photos, tables, diagr, graphs

Level flight performance measurements were made on the YR-4B helicopter

with the original set of main-rotor blades and a gross weight of approximately
2560 pounds. The minimum shaft power required by the main rotor at cruising
rpm (225 rotor rpm, 2100 engine rpm) was approximately 99 hp at a speed of

40 mph., The shaft power absorbed by the tail rotor at cruising rpm was approxi-
mately 3 to 4 hp over a range of speeds from 25 to 80 mph.

7, f e
Request copies of this report only from Osiginating 2gency

Rotating Wing Aircraft (34) Helicopters - Performance (49244);
YH-4B - Flight tests (99854.473)




